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ABSTRACT 
The Maximum Time Interval of Time-Lapse Photography 
for Monitoring Construction Operations. (August 2004) 
Ji Won Choi, B.S., Hanyang University 
Co-Chairs of Advisory Committee:  Dr. Julian H. Kang 
                                                                  Dr. Nancy L. Holland 
 
 
Many construction companies today utilize webcams on their jobsites to monitor 
and record construction operations. Jobsite monitoring is often limited to outdoor 
construction operations due to lack of mobility of wired webcams. A wireless webcam 
may help monitor indoor construction operations with enhanced mobility. The transfer 
time of sending a photograph from the wireless webcam, however, is slower than that of 
a wired webcam. It is expected that professionals may have to analyze indoor 
construction operations with longer interval time-lapse photographs if they want to use a 
wireless webcam. This research aimed to determine the maximum time interval for time-
lapse photos that enables professionals to interpret construction operations and 
productivity.  
In order to accomplish the research goal, brickwork of five different construction 
sites was videotaped. Various interval time-lapse photographs were generated from each 
video. Worker’s activity in these photographs was examined and graded. The grades in 
one-second interval photographs were compared with the grades of the same in longer 
time interval photographs. Error rates in observing longer time-lapse photographs were 
  
iv
then obtained and analyzed to find the maximum time interval of time-lapse 
photography for monitoring construction operations. 
Research has discovered that the observation error rate increased rapidly until the 
60-second interval and its increasing ratio remained constant. This finding can be used to 
predict a reasonable amount of error rate when observing time-lapse photographs less 
than 60-second interval. The observation error rate with longer than 60-second interval 
did not show a constant trend. Thus, the 60-second interval could be considered as the 
maximum time interval for professionals to interpret construction operations and 
productivity. 
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CHAPTER I 
INTRODUCTION 
1.1 Introduction 
1.1.1 Background 
A web-based camera (referred to as a webcam) is one of the new tools used to 
monitor construction operations at a jobsite. Use of the webcam is expected to enhance 
site monitoring, which may result in better project control (McCormack 2002). The use 
of webcams for site operation monitoring, therefore, is expected to increase. In most 
cases, webcams are located on the outside of a building, thus occasionally the view of 
the camera is blocked as the project develops (Everett, Halkali, and Schlaff 1998). In 
addition, webcams are usually connected with web servers through cables that limit the 
mobility of the webcams. Considering that more than 50% of construction operations are 
implemented inside a building and the interior activities are dynamic, wired webcams 
can hardly be utilized for monitoring interior construction operations. Limited mobility, 
therefore, makes it difficult to use wired webcams for monitoring interior construction 
operations.  
New attempts have been made to avoid wiring cables on a congested jobsite by 
using wireless technology. Recently two new wireless technologies, IEEE 802.11b and 
CDPD (Cellular Digital Packet Data), were introduced to the construction industry. If a 
webcam uses the IEEE 802.11b technology, it can transmit images to the server at a  
_______________ 
This thesis follows the style and format of Journal of Construction Engineering and Management. 
2 
speed of 11 megabytes per second. However, a webcam using the IEEE 802.11b 
technology must be located within a specified distance from an access point connected to 
a host computer on site by a wired connection. Wiring to an access point may still be 
cumbersome. A webcam with the CDPD technology can be used on any site where 
cellular phone service is available. No previous network setup and special education for 
site personnel are necessary.  
1.1.2 Problem 
The CDPD technology based wireless webcam (referred to as a cellular-webcam) 
is expected to help professionals enhance their ability to monitor interior construction 
operations or operations in an area congested by many obstacles. The CDPD technology 
is believed to provide a raw data rate of up to 19.2Kbps (CDPD Technology Overview 
2001). However, because some of this capacity is used for error correction and system 
overhead, the actual data rate is in the range of 10 to 15Kbps, which transmits a 450Kb 
(medium quality one mega pixel) photograph at least for 30 to 45 seconds. Is it possible 
for construction professionals to use this interval for monitoring construction operations? 
What interval of time-lapse photos would satisfy construction professionals’ 
expectations? The investigation of an appropriate interval of time-lapse photos to 
monitor construction operations may provide us some answers to these questions. 
 
1.2 Problem Statement 
 To what extent can the frame rate of a webcam be lowered for monitoring 
construction operations at a jobsite? 
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1.3 Objectives 
The primary goal of this research is to determine the maximum time interval for 
time-lapse photos that enables professionals to optimally interpret construction 
operations and productivity.  
1.4 Hypothesis 
The error in interpreting construction operations using time-lapse photography 
will be affected by increasing the interval between the time-lapse photographs. 
 
1.5 Definition of Terms 
Access point: 
A device that transports data between a wireless network and a wired 
network infrastructure 
Bandwidth:   
The range of frequencies, expressed in Kilobits per second, that can pass 
over a given data transmission channel within a frame relay network. The 
bandwidth determines the rate at which information can be sent through a 
channel - the greater the bandwidth, the more information can be sent in a 
given amount of time. 
CDPD:  
Short for Cellular Digital Packet Data - a data transmission technology 
developed for use on cellular phone frequencies. CDPD uses unused 
cellular channels (in the 800- to 900-MHz range) to transmit data in 
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packets. This technology offers data transfer rates of up to 19.2 Kbps, 
quicker call set up, and better error correction than using modems on an 
analog cellular channel. 
 
IEEE 802.11b: 
The first industry standard specification for wireless networks operating 
in the 2.4 GHz frequency spectrum. It enables devices to link to a 
network at speeds of up to 11Mb per second. 
Real time:  
A transmission or transaction that occurs immediately or in an extremely 
short period of time. A telephone conversation occurs in real time - 
correspondence through mail does not. 
Real-time recording:  
The actual passage of time. Any event that occurs in real time indicates 
that the event is happening as we would see it - in actual time. Recording 
video in real time would require approximately 30 frames per second. 
Time-lapse photography:  
A cinematic technique defined as taking moving pictures at any rate 
slower than 24 frames per second. 
Webcam:  
A digital camera designed to take digital photographs and transmit them 
over the Internet.  
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1.6 Limitations  
This research is limited to outer-wall bricklaying on residential construction sites 
in the Bryan/College Station area. Instead of using a webcam, a video camera was used to 
generate time-lapse photos of jobsites. Because the maximum recording time of a normal 
digital video tape is one hour, the length of videotaping time is limited to one hour.  
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CHAPTER II 
LITERATURE REVIEW 
2.1 Introduction 
A review of related literature has been performed to establish a body of 
knowledge with regard to the recording and monitoring of construction activities. This 
review includes the following subjects: a description of the trend of recording 
construction activities, use of webcams, time-lapse photography, cameras and locations, 
and the use of wireless technology in recording construction activities. 
    
2.2 Recording Construction Operations 
2.2.1 The Beginning of Recording Construction Operations 
Recording construction activities or projects using a camera was performed for 
the first time in the early 1900’s. In 1902, Frank Gilbreth (1868~1924), who was a 
bricklayer, a building contractor, and a management engineer, photographed the progress 
of work on the Augustus Lowell Laboratory of Electrical Engineering for the 
Massachusetts Institute of Technology. He used these photographs in order to explain 
the detail work procedure of the project in his book, “Bricklaying System” (Gilbreth 
1909). Surprisingly, there was virtually no difference between today and 100 years 
before in using photographs for a construction project.  
He was interested in standardization and method study. As a bricklayer, he 
observed bricklayers and found individuals did not always use the same motions in the 
course of their work (Gilbreth 1909). After the motion study of bricklayers, he 
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developed many improvements in bricklaying and explained those improvements with 
specific photographs in “Bricklaying System”. Frank and Lillian Gilbreth continued their 
motion study and analysis in other fields and pioneered in the use of motion pictures for 
studying worker activities. They broke down a work into fundamental elements and 
studied by means of a movie camera and a timing film that indicates time interval on it.  
This study was to find the shortest path of body movement or to remove waste motions 
(Gilbreth F. and Gilbreth L. 1973). Although their study was limited to short time 
movement of a worker, applying their method to investigate long time movement of 
workers could be possible.   
2.2.1 The Purpose of Recording Construction Operations 
 Since early 1900’s, construction professionals have used construction 
photographs or movies for documentation and analysis of construction activities (Everett, 
Halkali, and Schlaff 1998). To be more specific, time-lapse film and time-lapse video 
have both been used mainly for productivity analysis and for the improvement of 
construction operations (Oglesby, Parker, and Howell 1989). The motion study of 
bricklayers by Gilbreth is a good example.  
Through experience gained and experimentation performed in the 90’s, Everett et 
al. (1998) found that time-lapse video could be of significant benefit in documenting 
actual project progress, in resolving claims and disputes, for providing education, and in 
public relations, fund raising, and media applications. It could be used to provide project 
managers with a live image of remote projects, as well. As has been noted, the use of 
construction activity recordings has diversified over time. 
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2.3 Webcams 
According to Soldatini, Mähönen, Saaranen, and Regazzoni (2000), the video 
camera systems that include webcams have started to substitute for Closed Circuit 
Television (referred to as CCTV) systems. Thus, the function of webcams and CCTV 
systems will be identified in this review of literature. 
2.3.1 Conventional Use of Webcams 
The most common purpose of using webcams or CCTV systems today is to keep 
surveillance on people and objects. In New York City, for instance, there are more than 
two thousand private surveillance cameras taping citizens in public (Staples 2000). 
Likewise, in the UK, many cities applied CCTV systems to create safe, secure, and 
attractive places for consumption, entertainment, and tourism (Lyon 2001).  
Due to the development of technology in 1992, the CCTV systems were applied 
to traffic surveillance systems for the first time (Moran 1998). Since then, the use of 
CCTV systems has been diversified. The cameras, today, not only provide views, but 
also perceive objects, and, therefore, some traffic cameras can monitor the speed and 
detect speeding cars (Norris and Armstrong 1998). Besides, some more advanced 
cameras can observe a moving object without missing it wherever it goes, constantly 
monitoring sites (Kumar 2002). 
However, the most significant changes of using these cameras happened after a 
video camera was connected to the Internet in 1991 to check the level of coffee in Trojan 
Room coffee pot (Stafford-Fraser 1995). The examples below show the diversity of 
using webcams. 
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Buckman Elementary School, Room 100, Portland, Oregon 
Bus stop, wilshire Boulevard, Beverly Hills, California 
Cambridge panorama, Cambridge, UK 
Kessell’s Webcam, shots of a car dealership in cornwall, England 
Hauptbahnof train/bus terminal, Berlin, Germany 
NASA Cams and Mission Displays from Kennedy Space Center 
SBT Accounting Systems, visitors’ lobby, San Rafael, California 
Street corner (9th & Pearl), Boulder, Colorado (Staples 2000) 
2.3.2 Current Issues of Using Webcams 
There are two major issues, privacy and technology, in using webcams. The 
privacy issue is one of the most common issues. Although a CCTV system has played an 
important role in reducing crime rates, people have begun to worry about being 
monitored by someone. For instance, a survey regarding surveillance on people by 
cameras was performed and the extent of concern was highlighted by the outcome that 
72 per cent agreed the use of these cameras could easily be abused and used by the 
wrong people; 39 per cent felt that people who are in control of these systems could not 
be completely trusted to use them only for the public good; 37 per cent felt that in the 
future, cameras will be used by the government to control people (Davies 1998). Finally, 
the concern about privacy was expressed as a form of citizen action, throwing blankets 
over cameras, in London 1995 (Davies 1998). 
Ironically, the other issue is how to enhance the surveillance ability of cameras. 
Recently, many researches concerning technical matters of camera systems have been 
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done. These are, for instance, detecting and tracking humans and other moving objects 
automatically in complex scenes and setting up various sensors in the systems, in order 
to counteract the limitation of monitoring by humans. It is clear that the financial cost 
associated with human monitoring of webcams or CCTV is already considerable and 
continues to grow. Here is a good example, “The Glasgow system, for example, has 12 
screens displaying images from 32 cameras watched by only two operatives. These 32 
cameras produce 768 hours of tape per day” (Norris et al. 1998). This kind of situation is 
common today and, therefore, to promote efficiency, automatic surveillance systems that 
are operated by sensors are highly requested. 
2.3.3 Use of Webcams in Other Industries 
2.3.3.1  Public Use of Webcam 
The public use of webcams is almost like the conventional use of webcams or 
CCTV systems. First, government uses webcams for surveillance on people or objects 
on a public area in order to prevent crimes. Second, webcams are used for monitoring 
weather conditions. Third, webcams are used for monitoring traffic conditions.  
2.3.3.2  Private Use of Webcam 
The private use of webcams is related to business activities. One of the good 
examples is that about 80%of all webcams are used in the sex industry (Timothy and 
Gloves 2001). Other than this industry, the industries that most actively use webcams are 
the construction industry and the tourism industry. The tourism industry uses webcams 
to show the view of tourist attractions to the potential customers (Timothy and Gloves 
2001). Webcams are also used in the retail industry mainly for surveillance on customers. 
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Recently, day care centers have begun to use webcams giving parents to view their 
children from wherever the Internet is accessible. Besides, there are some people who 
want show what they are doing and sometimes even their private lives on the Internet by 
using a webcam.  
2.3.4 Use of Webcams in the Construction Industry 
Unfortunately, due to the lack of study in this area, it was not easy to find books 
or articles that are directly related to the use of webcams in the construction industry. As 
noted above, webcams had been used for many purposes in various places but it took 
times to use them on construction sites, because the construction industry was too 
conservative to accept new technologies. However the advance in information 
technology and the availability of construction management related software have 
brought many changes in this industry (Deng, Li, Tam, Shen, and Love 2001). In 1996, 
the first webcam was available on the market (What is a Network Camera 2002). At first 
construction professionals conjectured the potential usefulness of webcams but could not 
go beyond that boundary due to some technical problems such as difficulty of getting 
high-speed network connection on site. After couple of years, the use of webcams on site 
began to increase.  
Following is a good example of using a webcam in the construction industry. 
“Construction workers at the WorldCom Corporation headquarters that was being built 
in Kansas City were monitored by a video camera mounted on poles overlooking the 
construction site. Here the project manager could zoom in on any worker or any place. 
Every hour, a picture is taken from the video and posted on the company internal 
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Intranet allowing thousands of employees to check construction progress regularly”. 
(Staple 2000) 
 
2.4  Time-Lapse Photography 
2.4.1 Recording Methods 
 There are two major methods of recording construction activities using either 
time-lapse or real-time recordings. Although the real-time recording of a project 
provides a thorough recording of the entire process, the major disadvantage is that the 
time required to view the film or video is equal to the time required to perform the 
original operation (Abeid and Arditi 2002). On the other hand, time-lapse recording has 
the advantage of greatly reducing the amount of time spent viewing, while allowing 
viewers the opportunity to accurately interpret various construction operations (Everett 
et al. 1998). Consequently, time-lapse recording techniques have been used in many 
cases for recording construction activities. 
2.4.2 Time-lapse Interval 
At this point, one might ask what time-lapse interval would be appropriate for 
recording construction activities. Abeid and Arditi (2002) have investigated the 
appropriate time-lapse interval for efficient handling of construction management issues 
such as delays, accidents, and claims. They videotaped activities on a small bridge 
construction site, and then generated clips (each of which had a different time-lapse 
interval) from the video. Analyzing worker movement in each clip, they determined that 
the predicted man-hours for the activity of placing form-panels could best be reviewed at 
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less than a 10-second interval, and accidents required less than a 4-second interval to be 
accurately recorded. Overall, one-second intervals between frames was found to be the 
most appropriate frame rate for multipurpose use when recording construction 
operations (Abeid and Arditi 2002).  
However, there is room to reconsider this suggestion, since the researchers 
mentioned that a time-lapse interval should be less than a few seconds in order to 
accurately record the moment of an accident that usually occurs within a few seconds. 
Generally, if there is an accident, it will be reported immediately. Therefore, it is 
reasonable to record activities with one-second intervals and then store the video 
temporarily for a number of days. As long as no accident is reported during that set 
number of days, it is wise to restore the video with an interval much longer than one-
second. Converting one-second interval time-lapse photograph into longer time-lapse 
interval photograph may help construction professionals save time in reviewing 
construction operations. 
  
2.5  Cameras and Locations 
2.5.1 Cameras 
Thus far, three types of cameras have been used to record construction activities. 
The oldest is the movie camera, which was used to record construction activities in the 
past. Once video cameras became less expensive and easier to operate than movie 
cameras, they replaced movie cameras (Everett et al. 1998). Recently, most construction 
companies have turned to webcams rather than video cameras for recording activities, 
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because webcams provide construction professionals not only with a record of work, but 
also with real time visual information from the site through the Internet (McCormack 
2002).  
2.5.2 Camera with Features 
 Some webcams come with advanced features such as panning, tilting and 
zooming functions, all of which can be controlled remotely through the Internet. With 
the use of these functions now available, the monitoring of construction activities is 
enhanced (Everett et al. 1998). However, not all of these added features for webcams are 
needed because merely pointing a camera in the same direction at all times is the 
essential function for recording specific activities. On the other hand, if the camera 
motion is programmed to take pictures of a certain angle at a certain time interval, it 
could substitute for several fixed cameras providing time-lapse pictures from several 
different views.  
2.5.3 Location 
 The location of a camera should be carefully considered, especially at the 
beginning of a construction project. Everett et al. (1998) stated, “in the early stages of 
most building projects, the entire site and all of the work can be seen from one location. 
As the project develops, the building itself may obstruct the view of the side(s) away 
from the camera.” Since this situation could happen frequently, the placing of multiple 
cameras is worth considering, especially for very large or complex projects (Everett et al. 
1998). 
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2.6 Wireless Technology 
Occasionally, there are still sites where cabling is not possible or phone lines are 
not available (McComick 2002). In those cases, using wireless cameras should be 
considered. In addition, there is frequently a problem with recording interior work after a 
building’s envelope has been installed (Everett et al. 1998). Since most webcams 
currently being used on sites are wired webcams and most interior work moves quickly 
from place to place, wiring through ceilings, walls, and from floor to floor proves 
difficult. Following are currently available wireless technologies that could be used on 
construction sites. 
2.6.1 IEEE 802.11 Technology 
 Regarding an IEEE 802.11b network, several wireless webcams are already 
available on the market today. The advantage of using this technology is the following: it 
is relatively inexpensive and has a high-speed data transfer rate (up to 11 Megabytes, 
depending on the distance from an access point) (Wireless 2.4GHz Internet Camera 
2002). On the other hand, there are some disadvantages such as a limited operations 
range and the necessity of setting up a wireless network on site. In order to use the IEEE 
802.11b network, the use of access points is indispensable, and the distance between a 
camera and an access point should be less than 300 feet, with no intervening obstacles, 
for stable communication. However, ordinary site conditions are not favorable for using 
this network due to numerous obstacles such as walls and steel structures. Furthermore, 
establishing a wireless network on a jobsite requires setting up access points on the site. 
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This means wiring from a host computer to each access point should be carried out—a 
situation unfit for most jobsites, as mentioned in the introduction.  
Besides, there are 802.11a and 802.11g technologies. Although the data transfer 
rate of 802.11a technology is much higher (up to 54 Megabytes) than that of 802.11b, 
the operation range of 802.11a is at least 60 feet, which is one fifth of the operation 
range of 802.11b technology (Geier 2002). Thus the use of 802.11a technology for a 
wireless webcam is incongruent due to the small operation range. On the other hand, 
802.11g technology has advantages of each 802.11a and 802.11b technologies having 
the same data transfer rate as 802.11a and the same operation range as 802.11b 
technology (Marks 2003). Despite of the superior data transfer rate, the limited operation 
range of the 802.11g technology is still not favorable to use on a construction site. 
2.6.2 CDPD (Cellular Digital Packet Data) Technology 
 CDPD technology is similar to using a cell phone camera that takes photos at 
regular intervals and sends those photos continuously to a webserver. This camera is also 
currently available on the market. There are two major advantages to using this 
technology. First, there is no limited range to monitoring construction sites with this 
camera. Secondly, there is no need to establish a wireless network on site. These two 
merits should offer construction professionals substantial flexibility in recording and 
monitoring activities. However, there is a bandwidth issue to be solved. Because CDPD 
technology offers only a raw bit rate of 19.2 Kbps (CDPD Technology Overview 2001), 
the quality of image must be lowered or the time-lapse interval lengthened for greater 
image clarity. 
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2.7 Summary 
 As construction professionals become aware of the importance of recording 
construction activities, more construction movies will be made adopting this time-lapse 
technique. To record and monitor activities in further detail, the use of wireless cameras 
will increase. Although the bandwidth of CDPD technology is much smaller than IEEE 
802.11b technology, CDPD technology seems to be more practical and easy to use than 
IEEE 802.11b. To use CDPD technology for recording and monitoring construction 
activities, researchers must investigate how low the rate of time-lapse photos can be to 
properly analyze productivity at a job site. 
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CHAPTER III 
METHODOLOGY 
3.1 Introduction 
To achieve the research goal, brickwork on five different construction sites were 
videotaped. Because human subjects were used in this research, IRB approval was 
obtained before videotaping. Nine different intervals for time-lapse photography 
(excluding one-second interval) were chosen. Each worker in a photograph was 
examined and graded according to predefined guidelines. The grade of a worker at every 
second in one-second interval photo set was compared to the grade of the same worker 
in other interval photo sets. Nine observation error rates per worker were obtained from 
the comparison of grades. Finally the observation error rate lines of workers were drawn 
and analyzed. 
 
3.2 Videotaping Construction Sites 
3.2.1  Operations to be monitored 
Five residential construction sites in the Bryan/College Station area were selected 
for this research. Outer-wall brickwork was chosen because the operation was relatively 
simple and the workflow was easy to understand. To find residential construction sites 
where bricklayer works were being performed, homebuilders in the Bryan/College 
Station area were contacted. The size of the projects was limited to one story, single-
family home building sites. 
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3.2.2 Videotaping 
A digital video camera was used to videotape the operation. The camera was set 
up at a location where the majority of bricklayers could be monitored. The distance 
between the workplace and the camera was at least 50 feet in order to not disturb the 
work. The camera lens was kept at a height of 5 to10 feet above the working level. Each 
bricklaying work site was videotaped for one hour.  
 
3.3 Analysis of Time-Lapse Photos 
3.3.1 Making Time-Lapse Photos 
3.3.1.1  Equipment & Software 
 A desktop computer equipped with a Pentium IV processor of 2.53GHz, 512 
megabytes of RAM, 80 gigabytes of hard drive, an IEEE 1394 video capture card, and 
an IEEE 1394 6-pin to 4-pin cable were used for this research.  
3.3.1.2  Making Time-Lapse Photos 
The Adobe Premiere 6.0 video editing program was used to make the time-lapse 
photos. One-second interval time-lapse photo set, which has a total of 3600 photos, was 
created as a control template for this research.  
3.3.1.3  Intervals for Time-Lapse Photograph 
 In order to compare the differences in monitoring construction operations at 
different intervals, potential intervals that construction professionals may want to use in 
monitoring their projects were considered. Nine intervals: 3, 5, 10, 30, 40, 60, 180, 300, 
and 600-second were selected and divided into three groups: short, mid, and long. The 
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short interval group consisted of 3, 5 and 10-second; the mid interval group consisted of 
30, 40, and 60-second; the long interval group consisted of 3, 5, and 10-minute. 
3.3.2 Analyzing Time-Lapse Photos 
3.3.2.1  Classifying Sites and Workers 
 To classify each worker, a symbol was assigned to each worker. The symbol was 
an alphanumeric designation indicating a site and a role in the brickwork. Five 
residential construction sites were classified as A, B, C, D, and E and workers on them 
classified as bricklayers (initialed as “B”) or helpers (initialed as “H”). For instance, 
worker A-B2 is the second bricklayer at site-A and C-H1 is the first helper at site-C.  
3.3.2.2  Classifying Worker Activities 
 Worker activity in each time-lapse photo was examined and classified into three 
categories: effective work, contributory work, and ineffective work according to pre-
defined guidelines (Oglesby et al. 1989). The guidelines were as follows: 
Effective work: 
• The actual process of adding to the unit being constructed. 
1. Measuring, laying out bricks. 
2. Carrying or holding bricks or mortar.  
3. Setting up or dismantling a scaffold 
Contributory work: 
• Work not directly adding to, but (through associated processes) essential to 
finishing the unit. 
1. Discussing the work  
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2. Giving or receiving instruction 
3. Reading plans. 
Ineffective work: 
• Doing nothing or doing something that is in no way necessary to complete 
the end product. 
1. Talking while not actively working. 
2. Walking around empty-handed. 
3. Unable to find the worker in the frame. 
3.3.3 Observation and Grading 
In each photo, there were generally three or four workers visible and each worker 
was examined individually. If a worker was defined as doing effective work in the photo, 
the worker would be assigned a grade of two for that time-frame. For contributory work, 
the grade would be one. For ineffective work, the worker would be graded zero. 
Additionally, if a rework occurred, the worker involved in the rework (including 
demolition) would be assigned a grade of three. In this research, two different methods 
of observation, full-observation and partial-observation were used.  
3.3.3.1  Full-Observation 
The full-observation method is observing and grading all workers in nine 
different interval photo sets. First of all, to perform the full-observation method, it is 
necessary to make nine interval photo sets out of one-second interval photo set. In order 
to make nine different interval photo sets, specific photographs (including the 1st 
photograph) from one-second interval photo set were collected. For instance, in order to 
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make 5-second interval photo set, the 1st, the 6th, the 11th… and the 3596th photographs 
(a total of 720 photographs) were collected from one-second interval photo set.  
The numbers of photos in each interval photo set were as follows. 
1-second interval photo set (3,600 photos) 
3-second interval photo set (1,200 photos) 
5-second interval photo set (720 photos) 
10-second interval photo set (360 photos) 
30-second interval photo set (120 photos) 
40-second interval photo set (90 photos) 
60-second interval photo set (60 photos) 
3-minute (180-second) interval photo set (20 photos) 
5-minute (300-second) interval photo set (12 photos) 
10-minute (600-second) interval photo set (6 photos) 
Full-observation was implemented by observing and grading all workers in every 
photo of ten different interval photo sets. All 10 different interval photo sets of sites A, D, 
and E, were observed in order from the 10-minute interval photo set to the 1-second 
interval photo set. By observing in descending order from the 10-minute interval photo 
set, the observer limits bias in grading because the observer does not know what 
happened in previous frames. However, if the observer grades in ascending order from 
the 1-second interval photo set, he/she may be biased in grading the next interval photo 
set because the observer would already know what had happened and he/she would 
grade based on knowledge rather than inspection.  
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3.3.3.2  Partial-Observation 
The partial-observation method is observing and grading all workers only in the 
1-second interval photo set. Based on grades assigned in the 1-second interval photo set, 
grades for the workers in nine different interval photo sets were given. In detail, after the 
observation of the 1-second interval photo set, each worker was graded per one-second 
time-frame. The same worker in the other interval photo sets automatically had his/her 
own grade from the predefined grade. Figure 1 shows how a worker in 5-second and 10-
second interval photo sets was given a grade from the 1-second interval photo set. 
 
Remarks:    Effective work        Contributory work        Ineffective work 
 
 
Fig.  1.  Obtaining grades from the one-second interval photo set 
 
3.3.4 Observation Errors 
Observation error is the difference between evaluation of the activities of a 
worker at the 1-second interval photo set and other photo sets. The basic method for 
obtaining observation error is comparing each frame grade of a worker in the 1-second 
interval photo set with the same frame grade of the worker in different photo set.  
Frames 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36                           
                          1 sec. 
(3600)                           
                           
                          5 sec. 
(720)                                                      
                          10 sec. 
(360)                           
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3.3.4.1  Distributing Grades for Comparison 
However, the numbers of grades for a worker in other interval photo sets are less 
than 3600. For example, the 5-second interval photo set has 720 grades specifically at 
the 1, 6, 11, ··· 3586, 3591, and 3596 frames. To compare this with the one-second 
interval photo set, 3600 grades should be inferred from 720 grades. A grade in the 5-
second interval photo set should cover five frames, assuming that once the worker is 
assigned a certain grade at a frame, the grade will remain the same before and after two 
frames. Figure 2 shows a grade of “1” at the 16th frame in the 5-second interval photo 
set, and this grade will be distributed to five frames-- the 14th to the 18th frames. In this 
manner, all interval photo sets contained 3600 grades.  
 
Fig.  2. Distributing grades  
 
3.3.4.2  Calculating Observation Error Rates 
 The next step compared all 3600 frames of the one second interval photo set 
with other interval photo sets one by one; if both grades were the same at a frame then 
the frame was marked 0, and if both grades were different at a frame, marked 1. The sum 
of marked numbers (errors) divided by 3600 frames represented the observation error 
Frames 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36                           
                          5 sec. 
(720)                           
Distribution                 
                          5 sec. 
(3600)                           
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rate of the worker. The same routine was continued with other workers. Figure 3 shows 
the observation errors at the 5-second interval. After that one observation error rates 
table per jobsite was made.  
 
Fig.  3. Finding observation error 
 
Table 1 shows a sample observation error rates table for a site. From the figure 3, 
for instance, suppose the error rate of the worker at 5-second interval is 34.62%, which 
is 9 errors divided by total 26 frames. This error rate is highlighted on the sample 
observation error rates table below. The others are arbitrary error rates. 
 
Table 1.  Sample observation error rates table for a site 
Frames 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36                           
                          
1 sec. 
                          
Comparison ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕ ↕
                          
5 sec. 
                          
Same (S) 
or 
Different 
(D) 
S S S D S S D D D S S S S S S S S D D S S S D D D S
Error 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 0
Items 3 sec. 5 sec. 10 sec. 30 sec. 40 sec. 60 sec 3 min. 5 min. 10 min. 
Worker 10.00% 34.62% 25.00% 35.00% 40.00% 50.00% 55.00% 50.00% 60.00% 
- - % - % - % - % - % - % - % - % - % 
- - % - % - % - % - % - % - % - % - % 
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3.3.5 Developing Graphs 
According to the observation error rates on an error rates table, the graphs of 
observation error rates were drawn. The graphs showed observation error rates from 0 % 
to 100 % on the Y-axis and time-frames from 0 second to 600 seconds on the X-axis. 
Each worker had his/her own error-rate line. One line contained 10 error-rates, each of 
which corresponds to certain intervals. Figure 4 shows a sample graph of observation 
error rates of the worker on the table 1.  
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Fig.  4.  Sample graph of observation error rates 
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CHAPTER IV 
RESULTS 
4.1 Introduction 
Error-rates of observing outer-wall brickworks were obtained, with the error-
rates increasing as the time interval lengthened. Therefore, the hypothesis was supported 
by the results. Observation error rates by full-observation were obtained from sites A, D, 
and E, while observation error rates by partial-observation were obtained from all sites. 
 
4.2 Error Rates by Full-Observation 
 Three sites--site-A, site-D, and site-E--were selected for full-observation (the 
other two sites were excluded because worker activities were already observed while 
recording the sites). As specified in the methodology, all 10 different interval photo sets 
of each site were observed by the researcher in order from the 10-minute interval photo 
set to the 1-second interval photo set. Finally, observation error rates were obtained.  
4.2.1 Observation Error Rates of Site-A 
There were three workers, two bricklayers and one helper. Table 2 shows 
observation error rates of each worker in each time interval. 
 
Table 2.  Observation error rates of site-A from full-observation 
Items 3 sec. 5 sec. 10 sec. 30 sec. 40 sec. 60 sec 3 min. 5 min. 10 min. 
A-B1 6.92% 11.67% 13.36% 22.11% 28.61% 30.72% 40.44% 59.36% 71.42% 
A-B2 11.06% 22.72% 19.17% 25.61% 28.69% 37.44% 44.31% 57.28% 69.47% 
A-H1 3.86% 7.19% 8.92% 15.50% 21.67% 22.75% 28.31% 53.61% 58.92% 
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4.2.2 Observation Error Rates of Site-D 
Among several workers, two bricklayers and one helper were observed. Table 3 
shows observation error rates of each worker in each time interval. 
Table 3.  Observation error rates of site-D from full-observation 
 
 
 
4.2.3 Observation Error Rates of Site-E 
Among several workers, two bricklayers and two helpers were observed. Table 4 
shows observation error rates of each worker in each time interval. 
Table 4.  Observation error rates of site-E from full-observation 
 
 
 
4.3 Error-rates by Partial-Observation 
Observation error rates by partial-observation were obtained from all sites by 
observing and grading all workers in the 1-second interval photo set. Based on the 
grades of workers in the 1-second interval photo set, the grade of the worker in other 
Items 3 sec. 5 sec. 10 sec. 30 sec. 40 sec. 60 sec 3 min. 5 min. 10 min. 
D-B1 12.75% 14.58% 18.14% 22.36% 26.69% 30.61% 34.72% 39.72% 40.39% 
D-B2 9.33% 9.86% 14.81% 15.92% 12.86% 14.78% 28.47% 10.17% 11.08% 
D-H1 12.81% 14.81% 21.78% 29.11% 30.64% 33.03% 32.78% 44.92% 51.44% 
Items 3 sec. 5 sec. 10 sec. 30 sec. 40 sec. 60 sec 3 min. 5 min. 10 min. 
E-B1 10.42% 11.47% 13.08% 17.00% 18.78% 18.75% 32.50% 47.03% 49.67% 
E-B2 5.36% 6.58% 12.14% 16.19% 12.69% 30.17% 27.97% 44.81% 35.97% 
E-H1 6.83% 12.08% 16.28% 19.92% 31.33% 25.22% 30.50% 39.64% 20.81% 
E-H2 7.78% 10.92% 10.89% 31.06% 29.86% 29.81% 36.39% 40.61% 43.17% 
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interval photo sets was given as specified in the methodology. Observation error rates of 
each worker were obtained using the same method that was used for obtaining the full-
observation error rates. 
4.3.1 Observation Error Rates of Site-A 
There were three workers, two bricklayers and one helper. Table 5 shows 
observation error rates of each worker in each time interval. 
Table 5.  Observation error rates of site-A from partial-observation 
 
 
4.3.2 Observation error rates of Site-B 
There were three workers, two bricklayers and one helper. Table 6 shows 
observation error rates of each worker in each time interval. 
Table 6.  Observation error rates of site-B from partial-observation 
 
4.3.3 Observation error rates of Site-C 
           Among several workers, three bricklayers and one helper were observed. Table 7 
 shows observation error rates of each worker in each time interval. 
Items 3 sec. 5 sec. 10 sec. 30 sec. 40 sec. 60 sec 3 min. 5 min. 10 min. 
A-B1 1.61% 3.17% 6.25% 13.44% 17.78% 20.17% 40.03% 50.28% 50.94% 
A-B2 1.25% 2.17% 4.64% 9.64% 12.61% 20.14% 26.94% 39.31% 35.17% 
A-H1 1.75% 2.83% 5.50% 10.83% 12.47% 21.86% 25.33% 43.75% 53.89% 
Items 3 sec. 5 sec. 10 sec. 30 sec. 40 sec. 60 sec 3 min. 5 min. 10 min. 
B-B1 0.86% 1.50% 2.78% 7.94% 9.58% 13.67% 16.39% 20.47% 31.58% 
B-B2 0.72% 1.11% 2.33% 6.11% 8.14% 11.53% 20.17% 23.81% 26.56% 
B-H1 1.22% 2.08% 3.72% 9.19% 10.72% 15.58% 20.17% 21.61% 35.19% 
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Table 7.  Observation error rates of site-C from partial-observation 
 
4.3.4 Observation error rates of Site-D 
Among several workers, two bricklayers and one helper observed. Table 8 shows 
observation error rates of each worker in each time interval. 
Table 8.  Observation error rates of site-D from partial-observation 
 
4.3.5 Observation error rates of Site-E 
Among several workers, two bricklayers and two helpers were observed. Table 9 
shows observation error rates of each worker in each time interval. 
Table 9.  Observation error rates of site-E from partial-observation 
Items 3 sec. 5 sec. 10 sec. 30 sec. 40 sec. 60 sec 3 min. 5 min. 10 min. 
C-B1 0.89% 1.50% 3.92% 9.86% 10.42% 16.89% 23.36% 31.14% 21.44% 
C-B2 2.61% 4.36% 9.03% 18.97% 18.97% 26.47% 30.31% 31.39% 46.42% 
C-B3 2.67% 4.39% 7.47% 15.22% 16.83% 18.67% 29.19% 31.67% 28.17% 
C-H1 5.92% 9.50% 17.22% 29.67% 33.92% 34.61% 35.58% 44.67% 53.17% 
Items 3 sec. 5 sec. 10 sec. 30 sec. 40 sec. 60 sec 3 min. 5 min. 10 min. 
D-B1 1.56% 2.42% 5.64% 12.50% 14.58% 17.42% 26.83% 26.69% 33.06% 
D-B2 0.50% 0.86% 2.11% 5.19% 6.36% 9.06% 15.42% 9.19% 11.08% 
D-H1 3.06% 5.72% 9.64% 18.67% 20.58% 24.14% 31.69% 41.17% 41.28% 
Items 3 sec. 5 sec. 10 sec. 30 sec. 40 sec. 60 sec 3 min. 5 min. 10 min. 
E-B1 1.28% 2.50% 5.19% 9.47% 13.67% 14.00% 25.58% 31.67% 34.00% 
E-B2 0.39% 0.67% 1.28% 4.11% 4.83% 7.58% 14.11% 19.83% 16.08% 
E-H1 1.22% 2.39% 4.97% 9.89% 15.19% 13.97% 20.67% 21.06% 21.92% 
E-H2 1.78% 3.50% 6.22% 13.67% 17.56% 19.67% 28.78% 33.94% 43.17% 
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CHAPTER V 
DISCUSSION & ANALYSIS 
5.1 Introduction 
With the obtained error-rates, graphs of broken lines showing errors along the 
time-frames were drawn. The trend of the error-rate-lines was examined to determine 
whether or not the lines decrease or increase markedly at a certain interval, form any 
specific curve, fluctuate more as the interval increases, etc. The graph was subdivided by 
observation types, sites, and worker activity types.  
The average observation error-rate of each site at each interval and the average of 
each worker activity type was obtained, compared and interpreted. The observation error 
rates of each worker from both full and partial-observations were examined. The trend of 
the error-rate-lines and average difference between observation error rates of full and 
partial-observations interval were compared and analyzed. Specifically, the average error 
rate differences of the short interval group, mid interval group, and long interval group 
were compared. In order to tell full-observation from partial-observation, letter “F” was 
used right after the site name. 
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5.2 Analysis from Full-observation 
5.2.1  Analysis by Sites 
5.2.1.1  Site-A 
 All three workers showed similar trends, but the error rates differed from each 
other. The observation error rates of B1 and H1 increased rapidly until the 40-second 
interval while the observation error rates of B2 increased rapidly until the 60-second 
interval. After that, error rates increased slowly. Figure 5 shows error rate graphs of site-
A from full-observation. 
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Fig.  5.  Graphs of observation error rates of site-A from full-observation  
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5.2.1.2 Site-D 
Workers B1 and H1 showed similar trends, but B2 reflected a totally different 
trend from that of the other workers.  The observation error rates of B1 and H1 increased 
rapidly until the 60-second interval; after that, error rates increased slowly. However, the 
observation error rates of B2, who worked most of the time, increased rapidly until the 
10-second interval; after that, the error rates fluctuated until the 600-second interval. 
Even the observation error rates of the 300 and 600-second intervals were almost 10% 
which was similar to the error rate of the 5-second interval. Figure 6 shows observation 
error rate graphs of site-D from full-observation. 
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Fig.  6.  Graphs of observation error rates of site-D from full-observation 
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5.2.1.3 Site-E 
The observation error rate graphs of workers on site-E provided a good example 
of the difficulty of monitoring worker productivity with time lapse photos occasionally. 
Worker B1 showed a different trend from others, but looked normal in comparison with 
other site workers. Observation error rates of B1 increased until the 40-second interval; 
then the error rates increased slowly. However, the observation error rates of B2, H1, and 
H2 followed similar trends, but different from other site workers. The observation error 
rates of B2, H1, and H2 increased rapidly until the 30-second interval then began to 
fluctuate. Figure 7 shows observation error rate graphs of site-E from full-observation. 
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Fig.  7.  Graphs of observation error rates of site-E from full-observation 
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5.2.1.4 Overall Analysis by Sites 
The average observation error rate of each of the three sites was calculated and 
drawn. Up to the 180-second interval, all three sites showed similar trends. The average 
observation error rates increased rapidly until the 60-second interval, then the error rates 
increased slowly or remained the same according to sites. Figure 8 shows average 
observation error rate graphs of site A, D, and E from full-observation. 
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Fig.  8.  Graphs of average observation error rates of site A, D, and E from full-observation 
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5.2.2 Analysis by Activities 
5.2.2.1  Bricklayers 
 The observation error rates of bricklayers were analyzed. Only worker B1 of site 
A and worker B1 of site E showed similar trends, indicating no specific trend for 
bricklayers. Overall, the error rate increased rapidly until the 40-second interval; after 
that it increased slowly, maintained, or even decreased. Figure 9 shows observation error 
rate graphs of bricklayers from full-observation. 
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Fig.  9.  Graphs of observation error rates of bricklayers from full-observation 
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5.2.2.2 Helpers 
The observation error rates of helpers were analyzed as well, with no helpers 
showing similar trends. Overall, the error rate increased rapidly until the 40-second 
interval and after that they increased slowly, remained or even decreased. Figure 10 
shows observation error rate graphs of helpers from full-observation. 
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Fig.  10.  Graphs of observation error rates of helpers from full-observation 
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5.2.2.3 Overall Analysis by Activities 
The average observation error rates of the two activities (bricklaying and 
helping) were calculated and drawn. Although observation error rates of certain intervals 
were different between the two activities, the overall trends of the two activities were 
fairly identical. The average observation error rate of bricklayers increased rapidly until 
the 60-second interval while the average observation error rate of helper increased 
rapidly until the 40-second interval; then they increased slowly until the 600-second 
interval. Figure 11 shows average observation error rate graphs of bricklayers and 
helpers from full-observation. 
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Fig.  11.  Graphs of average observation error rates of bricklayers and helpers from full-observation 
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5.2.3 Summary 
The observation error rates of all workers from sites A, D, and E were analyzed. 
An error rate trend, although not strong, was obtained from Figure 10. In order to 
identify the trend line, an average observation error rate of all workers at each interval 
was calculated and drawn. The average observation error rate increased rapidly until the 
10-second interval, then increased rapidly (but slower than shorter interval group) until 
the 60-second interval. After that the average observation error rate increased slowly, 
maintained, or even decreased until the 600-second interval. Figure 12 shows average 
observation error rate graphs of all workers from full-observation. 
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Fig.  12.  Graphs of observation error rates of all workers from full-observation 
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5.3 Analysis from Partial-observation 
5.3.1 Analysis by Sites 
5.3.1.1  Site-A 
Workers B2 and H1 showed fairly similar trends until the 300-second interval.  
The observation error rates of B2 and H1 increased rapidly until the 60-second interval, 
while the observation error rate of B1 increased rapidly until the 300-second interval. At 
that point, observation error rates increased slowly or remained the same according to 
workers. Figure 13 shows observation error rate graphs of site-A from partial-
observation. 
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Fig.  13.  Graphs of observation error rates of site-A from partial-observation 
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5.3.1.2 Site-B 
All workers showed fairly similar trends, with observation error rates for all 
workers increasing rapidly until the 60-second interval. After that observation error rates 
increased slowly. Figure 14 shows observation error rate graphs of site-B from partial-
observation. 
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Fig.  14.  Graphs of observation error rates of site-B from partial-observation 
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5.3.1.3 Site-C 
Workers B1 and B2 showed fairly similar trends until the 180-second interval.  
The observation error rates of B1 and B2 increased rapidly until the 60-second interval, 
while the observation error rate of B3 increased rapidly until the 30-second interval. 
After that, observation error rates increased slowly, remained, or even decreased, varying 
by worker. The observation error rate of H1 increased rapidly until the 40-second 
interval and after that, the observation error rate increased slowly. Figure 15 shows 
observation error rate graphs of site-C from partial-observation.  
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Fig.  15.  Graphs of observation error rates of site-C from partial-observation 
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5.3.1.4 Site-D 
Even though the observation error rate of worker B2 was much lower than the 
others, all workers showed fairly similar trends until the 180-second interval.  The 
observation error rates of all workers increased rapidly until the 60-second interval; after 
that, error rates increased slowly, remained, or even decreased, according to individual 
workers. The observation error rate of worker B2 remained around 10% after the 60-
second interval, probably because B2 kept working most of the time as previously 
mentioned. Figure 16 shows observation error rate graphs of site-D from partial-
observation.  
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Fig.  16.  Graphs of observation error rates of site-D from partial-observation 
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5.3.1.5 Site-E 
Workers B1 and H2 reflected similar trends until the 180-second interval.  The 
observation error rates of B1, H1, and H2 increased rapidly until the 40-second interval; 
after that error rates increased slowly or remained stable, according to individual 
workers. The observation error rate of B2 increased steadily until the 300-second 
interval and after that error rate decreased slowly. Figure 17 shows observation error rate 
graphs of site-E from partial-observation. 
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Fig.  17.  Graphs of observation error rates of site-E from partial-observation 
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5.3.1.6 Overall Analysis by Site 
The average observation error rates of all sites were calculated and drawn. Until 
the 300-second interval, sites B, C, and D showed similar trends. The average 
observation error rates of sites A, B, C, and D increased rapidly until the 60-second 
interval, while the average observation error rate of site-E increased until the 40-second 
interval. After that error rates increased slowly or remained stable, according to sites. 
Figure 18 shows average observation error rate graphs of all sites from partial-
observation. 
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Fig.  18.  Graphs of average observation error rates of all sites from partial-observation 
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5.3.2 Analysis by Activities 
5.3.2.1  Bricklayers 
 The observation error rates of 11 bricklayers were analyzed. Although the 
observation error rates of workers on each interval varied, most workers showed similar 
trends. The error rates increased rapidly until the 60-second interval; after that, they 
increased slowly, maintained, or even decreased according to individual worker. Figure 
19 shows observation error rate graphs of all bricklayers from partial-observation. 
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Fig.  19.  Graphs of observation error rates of all bricklayers from partial-observation 
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5.3.2.2 Helpers 
The observation error rates of helpers were analyzed as well. Worker H1 of site-
D and worker H2 of site-E showed similar trends until the 300-second interval. Overall, 
the error rates increased rapidly until the 60-second interval; after that, they increased 
slowly or remained stable. Figure 20 shows observation error rate graphs of all helpers 
from partial-observation. 
 
0%
10%
20%
30%
40%
50%
60%
0 100 200 300 400 500 600
Seconds
Er
ro
r r
at
es
A-H1 B-H1 C-H1 D-H1 E-H1 E-H2
 
Fig.  20.  Graphs of observation error rates of all helpers from partial-observation 
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5.3.2.3  Overall Analysis by Activities 
The average observation error rates of two activities (bricklaying and helping) 
were calculated and drawn. Although observation error rates at each interval were 
different between the two activities, the trends of both activities were similar. The 
average error rates of both activities increased rapidly until the 60-second interval and 
after that they increased slowly until the 600-second interval. Figure 21 shows average 
observation error rate graphs of bricklayers and helpers from partial-observation. 
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Fig.  21.  Graphs of average observation error rates of bricklayers and helpers from partial-
observation 
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5.3.3 Summary 
The observation error rates of all workers from all sites were analyzed. A trend of 
error rates is represented in Figure 19. In order to identify the trend line, an average 
observation error rate of all workers at each interval was calculated and drawn. The 
average observation error rate increased rapidly until the 60-second interval and after 
that the average error rate increased slowly, maintained, or even decreased until the 600-
second interval. Figure 22 shows average observation error rate graphs of all workers 
from partial-observation. 
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Fig.  22.  Graphs of observation error rates of all workers from partial-observation 
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5.4 Error Rate Difference Between Full and Partial-observations 
5.4.1 Site-A 
5.4.1.1  Worker B1 
 Two graphs show similar trends except at the 180-second interval. The overall 
average observation error rate difference between full-observation and partial-
observation was 8.99%. Specifically, the average observation error rate differences of the 
short interval group, mid interval group, and long interval group were 6.97%, 10.02%, 
and 9.99%, respectively. Figure 23 illustrates the observation error rate graphs of worker 
B1 from full and partial-observation. 
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Fig.  23.  Graphs of observation error rate of site-A worker B1 from full and partial-observation 
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5.4.1.2 Worker B2 
 The two graphs reflect fairly similar trends except at the 5-second interval. The 
overall average observation error rate difference between full-observation and partial-
observation was 18.21%. Specifically, the average observation error rate differences of 
the short interval group, mid interval group, and long interval group were 14.96%, 
16.45%, and 23.21%, respectively. Figure 24 shows the observation error rate graphs of 
worker B2 from full and partial-observation. 
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Fig.  24.  Graphs of observation error rate of site-A worker B2 from full and partial-observation 
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5.4.1.3 Worker H1 
The two graphs show fairly similar trends. One small difference was that the 
error rate of full-observation increased rapidly until the 40-second interval, while the 
error rate of partial-observation increased rapidly until the 60-second interval. The 
overall average error rate difference between full-observation and partial-observation 
was 4.72%. Specifically, the average error rate differences of the short interval group, 
mid interval group, and long interval group were 3.30%, 4.92%, and 5.95%, respectively. 
Figure 25 shows the observation error rate graphs of worker H1 from full and partial-
observation. 
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Fig.  25.  Graphs of observation error rate of site-A worker H1 from full and partial-observation 
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5.4.2 Site-D 
5.4.2.1  Worker B1 
The two graphs indicate similar trends. The overall average error rate difference 
between full-observation and partial-observation was 11.03%. Specifically, the average 
error rate differences of the short interval group, mid interval group, and long interval 
group were 11.95%, 11.72%, and 9.42%, respectively. Figure 26 shows the observation 
error rate graphs of worker B1 from full and partial-observation. 
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Fig.  26.  Graphs of observation error rate of site-D worker B1 from full and partial-observation 
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5.4.2.2  Worker B2 
The two graphs show similar trends after the 40-second interval. The overall 
average error rate difference between full-observation and partial-observation was 7.50%. 
Specifically, the average error rate differences for the short interval group, mid interval 
group, and long interval group were 10.18%, 7.65%, and 4.68%, respectively. Figure 27 
shows the observation error rate graphs of worker B2 from full and partial-observation. 
 
0%
5%
10%
15%
20%
25%
30%
0 100 200 300 400 500 600
Seconds
Er
ro
r r
at
es
D-F-B2 D-B2
 
Fig.  27.  Graphs of observation error rate of site-D worker B2 from full and partial-observation 
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5.4.2.3  Worker H1 
The two graphs indicate similar trends except at the 180-second interval. The 
overall average error rate difference between full-observation and partial-observation 
was 8.37%. Specifically, the average error rate differences of the short interval group, 
mid interval group, and long interval group were 10.32%, 9.80%, and 5.00%, 
respectively. Figure 28 shows the observation error rate graphs of worker H1 from full 
and partial-observation. 
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Fig.  28.  Graphs of observation error rate of site-D worker H1 from full and partial-observation 
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5.4.3 Site-E 
5.4.3.1  Worker B1 
The two graphs indicate similar trends. The overall average error rate difference 
between full-observation and partial-observation was 9.04%. Specifically, the average 
error rate differences of the short interval group, mid interval group, and long interval 
group were 8.67%, 5.80%, and 12.65%, respectively. Figure 29 shows the observation 
error rate graphs of worker B1 from full and partial-observation. 
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Fig.  29.  Graphs of observation error rate of site-E worker B1 from full and partial-observation 
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5.4.3.2  Worker B2 
The two graphs do not show similar trends, probably because worker B2 worked 
in a dark corner, making it difficult for the observer to recognize whether or not B2 was 
working. The overall average error rate difference between full-observation and partial-
observation was 13.67%. Specifically, the average error rate differences of the short 
interval group, mid interval group, and long interval group were 7.25%, 14.18%, and 
19.57%, respectively. Figure 30 shows the observation error rate graphs of worker B2 
from full and partial-observation. 
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Fig.  30.  Graphs of observation error rate of site-E worker B2 from full and partial-observation 
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5.4.3.3 Worker H1 
The two graphs indicate similar trends except at the 600-second interval. The 
overall average error rate difference between full-observation and partial-observation 
was 10.40%. Specifically, the average error rate differences of the short interval group, 
mid interval group, and long interval group were 8.87%, 12.47%, and 9.84%, 
respectively. Figure 31 shows the observation error rate graphs of worker H1 from full 
and partial-observation. 
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Fig.  31.  Graphs of observation error rate of site-E worker H1 from full and partial-observation 
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5.4.3.4 Worker H2 
The two graphs indicate similar trends except at the 30 and 40-second intervals. 
The overall average error rate difference between full-observation and partial-
observation was 8.02%. Specifically, the average error rate differences of the short 
interval group, mid interval group, and long interval group were 6.03%, 13.28%, and 
4.76%, respectively. Figure 32 shows the observation error rate graphs of worker H2 
from full and partial-observation. 
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Fig.  32.  Graphs of observation error rate of site-E worker H2 from full and partial-observation 
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5.4.4 Overall Analysis of Error Rate Difference 
The error rate differences were synthesized and analyzed according to time 
interval. First, a correlation between error rate differences and time interval was 
investigated. After the investigation, a correlation was found between sites A and D; 
however, the results were contrary to each other. The observation error rate differences 
of the workers at site-A increased as the time interval lengthened while they decreased 
for site-D. No correlation was found for workers at site E. Therefore, it is difficult to 
state that there is a correlation between them. Second, average observation error rate 
differences by workers and by time interval were calculated. The average error rate 
differences by time interval remained at approximately 10%, while it varied by worker. 
Table 10 shows observation error rate differences of workers in each time interval. 
Table 10.  Observation error rate differences of workers according to time interval 
Items Short Interval Mid Interval Long Interval Average by Workers 
A-B1 6.97% 10.02% 9.99% 8.99% 
A-B2 14.96% 16.45% 23.21% 18.21% Site-A 
A-H1 3.30% 4.92% 5.95% 4.72% 
D-B1 11.95% 11.72% 9.42% 11.03% 
D-B2 10.18% 7.65% 4.68% 7.50% Site-D 
D-H1 10.32% 9.80% 5.00% 8.37% 
E-B1 8.67% 5.80% 12.65% 9.04% 
E-B2 7.25% 14.18% 19.57% 13.67% 
E-H1 8.87% 12.47% 9.84% 10.40% 
Site-E 
E-H2 6.03% 13.28% 4.76% 8.02% 
Average by Time 
Interval 8.85% 10.63% 10.51% 10.00% 
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5.4.5 Summary 
 The average observation error rates for full-observation were higher than 
those for partial-observation. The average error-rate-graphs of full and partial-
observation indicate fairly similar trends. As noted above, there was approximately a 
10% difference for each interval. Additionally, an average error rate graph of all sites by 
partial-observation was compared and it was almost identical to an average error rate 
graph of sites A, D, and E by partial-observation. Figure 33 shows the average 
observation error rate graphs of sites from full and partial-observation. 
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Fig.  33.  Graphs of average observation error rate of sites from full and partial-observation 
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5.5 Discussion for Better Analysis 
During the analysis of time-lapse photos, I discovered how difficult it is to 
categorize human behavior. Although there were three categories: effective, contributory, 
and ineffective work, many times the behavior of a worker was vague, making it 
challenging to judge what type of work the worker was performing. This problem 
happened more frequently as the time interval lengthened, but it also happened when 
examining one-second interval photographs.  
The reasons for this problem at a long interval and a short interval were different. 
At a long interval, the main reason was that there was no clue what the worker was 
doing just before the observation. On the other hand, at a short interval, there were a 
number of reasons. First, relatively low-resolution photographs make it difficult to 
judge; second, a worker in the distance was hard to see; and third, although there were 
guidelines for defining worker activity, human behavior is so diverse that more detailed 
classification was needed in order to classify without ambiguity. Additionally, the 
analysis of all workers by examining all photographs was a repetitive and tedious task. 
Thus the examiner was easily distracted and could conceivably have lost his/her 
judgment.  
In order to prevent this problem, increasing resolution of photographs, creating 
more detailed guidelines to classify worker activities, and taking a good rest during the 
examination of photographs are important for effective research. Additionally, observing 
and grading by multiple people instead of one person can be good to prevent errors from 
the bias that one observer can have. 
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CHAPTER VI 
CONCLUSIONS & FUTURE RESEARCH 
6.1 Introduction 
This research started with a single question: how much could the frame rate of a 
webcam be lowered and still be able to monitor construction operations at a jobsite? 
Before initiating the research, a goal was set: to determine the maximum time interval 
for time-lapse photos that enable professionals to interpret construction operations and 
productivity. To achieve this goal, time-lapse photographs, using various time intervals, 
of brickwork were produced. Interpreting these photographs, observation error rates 
were collected and analyzed. Finally, the error rate graphs were generated and analyzed. 
The trend of error rate graphs were examined and interpreted to determine the maximum 
time interval for brickwork.  
 
6.2 Conclusions 
Overall trends of observation error rates by full and partial-observation were 
identified. The observation error rates of most workers by full and partial-observation 
increased rapidly until the 60-second interval; after that, they increased slowly. This was 
also confirmed from the shape of the average trendline of full and partial-observation. 
Because the steep slope implies that loss of much information happens between 1-
second interval and 60-second, it is no wonder that 1-second interval is the best interval 
to monitor construction operations. However, in order to reduce review time and to use 
cellular webcams, longer than 1-second interval should be considered. Thus, it may be 
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possible to use a 60-second or less interval photo set for interpreting construction 
operations and productivity, because the observation error rate slopes from 1-second 
interval to 60-second interval remain constant. This constant error rate slope will provide 
predictable error when professionals interpret construction operations or perform worker 
productivity studies. Thus we might consider a 60-second interval as the maximum time 
interval for time-lapse photos, to enable professionals to interpret construction 
operations and productivity. 
However, there is another consideration. Because the observation error rate on 
intervals greater than 30-second varies too much according to workers, it is hard to 
generalize the error rate at the 60-second interval. For instance, the observation error rate 
of worker B2 of site-C at the 60-second interval is 27% while, at the same interval, the 
observation error rate of worker B2 of site D is 9%. Therefore, finding an observation 
error rate of each worker at the 60-second interval is necessary. In order to find the error 
rate at the 60-second interval, performing a pilot test could be one possible method to 
address this problem. 
Additionally, the observation error rates of full-observation were higher than 
those for partial-observation, but the full and partial-observation error-rate-graphs of 
most workers showed similar trends. That means if a situation does not allow full-
observation, partial-observation may substitute for full-observation by adding a certain 
amount of error rate. 
After considering the above findings, with a 60-second interval error rate, the 
error rate at less than the 60-second interval might be predicted. These predicted 
65 
observation error rates at less than 60-second interval would help professionals interpret 
worker activities and perform productivity studies. 
 
6.3 Future Research 
After the research, some questions have arisen. First of all, in this research, only 
brickworks at residential homebuilding sites were selected and analyzed and the 60-
second interval was identified as a possible maximum interval for monitoring 
construction operations. If other work settings (for example, commercial building sites) 
are selected and analyzed, will the maximum interval remain the same as that for 
residential brickwork?  
Second, as noted above, the error rate on intervals more than 30-second varies 
too much according to workers. According to the short analysis from worker B2 of site-
D (the worker who worked the majority of the time) there was less room to detect errors. 
One must ask: is this discrepancy related to personal work behavior or to specific types 
of work behavior? If it is related to specific types of work behavior, can it be 
generalized? Research regarding those matters is worth conducting in the future and will 
complement this research.  
Third, because the analysis of all photographs was conducted by one person, the 
results could be different due to the examiner’s different experience or interpretation of 
operations. Thus, despite the use of predefined classifying guidelines to judge worker 
activities, the result could differ from that of other people. Therefore, analysis of the 
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same or similar photographs by other people and comparing the results would be worth 
conducting.  
Finally, the purpose of monitoring construction operations in this research was 
mainly for productivity study. As noted in the introduction, recently, the purpose of 
using webcams on a jobsite is diversified and the safety management on sites is one of 
the main purposes. The use of webcams on a jobsite for safety, however, has been 
considered as an investigation tools for an accident that already happened rather than 
preventive tools for potential accidents. Thus the study about the potential use of a 
webcam as a preventive tool for accidents would be worth conducting and if it is, 
investigating the appropriate time interval for monitoring construction operations to 
prevent accidents would also deserve to study.  
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